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�¡Ñ¥¤¨´e´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

‹ ¡µ· Éµ·¨Ö Ë¨§¨±¨ Î ¸É¨Í

�¶¨¸ ´µ ¸µ¸ÉµÖ´¨¥ · ¡µÉ ¶µ ¶µ¤£µÉµ¢±¥ ´¨§±µËµ´µ¢µ£µ ´¥°É·¨´´µ£µ ¤¥É¥±Éµ·  Borexino
¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¸µ²´¥Î´ÒÌ ´¥°É·¨´µ ¢ ¶µ¤§¥³´µ° ² ¡µ· Éµ·¨¨ ƒ· ´-‘ ¸¸µ (ˆÉ ²¨Ö).

The status of the low-noise neutrino detector BOREXINO for solar-neutrino studies at the
underground laboratory in Gran Sasso (Italy) is presented.

ˆ¸¸²¥¤µ¢ ´¨¥ ¸µ²´¥Î´ÒÌ ´¥°É·¨´µ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ö¢²Ö¥É¸Ö ´ ¨¡µ²¥¥
¢ ¦´µ° § ¤ Î¥° ¸µ¢·¥³¥´´µ° Ë¨§¨±¨ ¨  ¸É·µË¨§¨±¨. „ ´´Ò¥ µ ¶µÉµ±¥ ¸µ²´¥Î-
´ÒÌ ´¥°É·¨´µ ¶µ²ÊÎ¥´Ò ¢ Î¥ÉÒ·¥Ì Ô±¸¶¥·¨³¥´É Ì: Homestake, Kamiokande,
Gallex ¨ Sage. ˆ§³¥·¥´´Ò¥ ¶µÉµ±¨ ¸µ²´¥Î´ÒÌ ´¥°É·¨´µ ¢µ ¢¸¥Ì Ô±¸¶¥·¨³¥´-
É Ì µ± § ²¨¸Ó ³¥´ÓÏ¥ ¶·¥¤¸± § ´´µ£µ Ê·µ¢´Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸µ ¸É ´¤ ·É´µ°
³µ¤¥²ÓÕ ‘µ²´Í  (CMC). dµ²¥¥ Éµ£µ, ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ · §´ÒÌ Ô±¸¶¥·¨-
³¥´Éµ¢ ¤µ¶µ²´¨É¥²Ó´µ ¶·¨¢µ¤¨É ± ¶·µ¡²¥³¥ ¸¶¥±É·  ´¥°É·¨´µ µÉ · ¸¶ ¤µ¢
8B ¨ É ± ´ §Ò¢ ¥³µ° ¶·µ¡²¥³¥ ®¡¥·¨²²¨¥¢ÒÌ¯ ´¥°É·¨´µ: ¸· ¢´¥´¨¥ ·¥§Ê²Ó-
É Éµ¢ Kamiokande ¨ £ ²²¨¥¢ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¨¸±²ÕÎ ¥É ¢±² ¤ ®¡¥·¨²²¨¥-
¢ÒÌ¯ ´¥°É·¨´µ µÉ ·¥ ±Í¨¨ Ô²¥±É·µ´´µ£µ § Ì¢ É  ´  7Be, ÌµÉÖ ¢ Ô±¸¶¥·¨³¥´É¥
Kamiokande ´ ¡²Õ¤ ¥É¸Ö ´¥°É·¨´µ µÉ · ¸¶ ¤  ¤µÎ¥·´¥£µ Ö¤·  8B. ’¥µ·¥É¨Î¥-
¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µ¡²¥³Ò ¢ÒÌµ¤ÖÉ §  · ³±¨ ¸É ´¤ ·É´µ° É¥µ·¨¨ Ô²¥±É·µ-
¸² ¡ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨ É·¥¡ÊÕÉ ¸µ§¤ ´¨Ö ´µ¢ÒÌ ¤¥É¥±Éµ·µ¢, ¶µ§¢µ²ÖÕÐ¨Ì
¨¸¸²¥¤µ¢ ÉÓ ¸¶¥±É· ¸µ²´¥Î´ÒÌ ´¥°É·¨´µ ¢ µ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨°.

Borexino Å ¶¥·¢Ò° ¤¥É¥±Éµ· ·¥ ²Ó´µ£µ ¢·¥³¥´¨, ¸¶µ¸µ¡´Ò° ·¥£¨¸É·¨-
·µ¢ ÉÓ ¸µ²´¥Î´Ò¥ ´¥°É·¨´µ ´¨§±¨Ì Ô´¥·£¨° ¸ ¶µ·µ£µ³ 250 ±Ô‚ ¶µ Ô²¥±É·µ-
´ ³ µÉ¤ Î¨. 
 ¡²Õ¤¥´¨¥ ³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·¨´µ ¸ Ô´¥·£¨¥° 0,86 ŒÔ‚
(®¡¥·¨²²¨¥¢ÒÌ¯ ´¥°É·¨´µ) Ö¢²Ö¥É¸Ö £² ¢´µ° § ¤ Î¥° Ô±¸¶¥·¨³¥´É . ’ ± ± ±
´¥°É·¨´µ-Ô²¥±É·µ´´µ¥ · ¸¸¥Ö´¨¥ ¸µ¤¥·¦¨É ¢±² ¤ ± ± § ·Ö¦¥´´µ£µ, É ± ¨ ´¥°-
É· ²Ó´ÒÌ Éµ±µ¢, Éµ ´¥°É·¨´´Ò° ¸¨£´ ², ·¥£¨¸É·¨·Ê¥³Ò° ¤¥É¥±Éµ·µ³ Borex-
ino, µ¶·¥¤¥²Ö¥É  ·µ³ É¨Î¥¸±ÊÕ ±µ³¶µ§¨Í¨Õ ¶ ¤ ÕÐ¨Ì ´¥°É·¨´µ. �Éµ, ¢ ¸¢µÕ
µÎ¥·¥¤Ó, ¶µ§¢µ²Ö¥É ¨¸¸²¥¤µ¢ ÉÓ  ·µ³ É¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê ®¡¥·¨²²¨¥¢ÒÌ¯ ´¥°-
É·¨´µ.

„¥É¥±Éµ· Borexino ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸Í¨´É¨²²ÖÍ¨µ´´Ò° ¤¥É¥±Éµ·, ¸µ-
¤¥·¦ Ð¨° 300 É ¦¨¤±µ£µ µ·£ ´¨Î¥¸±µ£µ ¸Í¨´É¨²²ÖÉµ· , § ±²ÕÎ¥´´µ£µ ¢ ¸Ë¥-
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·¨Î¥¸±¨° ¶·µ§· Î´Ò° ±µ´É¥°´¥· ¤¨ ³¥É·µ³ 8,5 ³ ¨ ¶·µ¸³ É·¨¢ ¥³µ£µ ¸µ ¢¸¥Ì
¸Éµ·µ´ 2200 ”�“ ¸ ¡µ²ÓÏ¨³ ¤¨ ³¥É·µ³ ËµÉµ± Éµ¤ . �·µ§· Î´Ò° ±µ´É¥°´¥·
¨§ ´¥°²µ´  Éµ²Ð¨´µ° 500 ³±³, µ£· ´¨Î¨¢ ÕÐ¨°  ±É¨¢´Ò° µ¡Ñ¥³ ¤¥É¥±Éµ· ,
· §³¥Ð¥´ ¢ ¸É ²Ó´µ° ¸Ë¥·¥ ¤¨ ³¥É·µ³ 13,5 ³, ´  ±µÉµ·µ° ±·¥¶ÖÉ¸Ö ”�“
¸ µ¶É¨Î¥¸±¨³¨ ±µ´Í¥´É· Éµ· ³¨, ¶¥·¥±·Ò¢ ÕÐ¨³¨ 30% ¶µ²´µ£µ É¥²¥¸´µ£µ
Ê£² . dÊË¥·´ Ö µ¡² ¸ÉÓ ³¥¦¤Ê ¢´ÊÉ·¥´´¨³ µ¡Ñ¥³µ³ ¨ ¸É ²Ó´µ° ¸Ë¥·µ° § ¶µ²-
´Ö¥É¸Ö µ·£ ´¨Î¥¸±µ° ¦¨¤±µ¸ÉÓÕ, ¨³¥ÕÐ¥° ÉÊ ¦¥ ¶²µÉ´µ¸ÉÓ, ÎÉµ ¨ ¸Í¨´É¨²-
²ÖÉµ· (¶¸¥¢¤µ±Ê³µ², C9H12), ¶·¨ ÔÉµ³ ±µ³¶¥´¸¨·Ê¥É¸Ö ¢ÒÉ ²±¨¢ ÕÐ Ö ¸¨² ,
¤¥°¸É¢ÊÕÐ Ö ´  ´¥°²µ´µ¢Ò° ±µ´É¥°´¥·. ‚¸Ö ±µ´¸É·Ê±Í¨Ö ¶µ³¥Ð¥´  ¢ ¡ ±
¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ · §³¥·µ³ 18× 18 ³, § ¶µ²´¥´´Ò° Ê²ÓÉ· Î¨¸Éµ° ¤¥¨µ-
´¨§µ¢ ´´µ° ¢µ¤µ°, ±µÉµ· Ö ¸²Ê¦¨É § Ð¨Éµ° µÉ ¢´ÊÉ·¥´´¥£µ ¨ ¢´¥Ï´¥£µ Ëµ´ 
(´¥°É·µ´µ¢, γ-¨§²ÊÎ¥´¨Ö µÉ ¸± ²Ó´ÒÌ ¶µ·µ¤ ¨ É. ¶.).

�¸´µ¢´µ° ¶·µ¡²¥³µ° Ô±¸¶¥·¨³¥´É  Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ Ëµ´  ¢ ¸¨£´ ²Ó-
´µ³ µ±´¥. �µ·µ£ ¤¥É¥±Éµ·  0,25 ŒÔ‚ ¶µ Ô²¥±É·µ´ ³ µÉ¤ Î¨ µ¶·¥¤¥²Ö¥É¸Ö
¶·¨¸ÊÉ¸É¢¨¥³ · ¤¨µ ±É¨¢´µ£µ ¨§µÉµ¶  14C ¢ µ·£ ´¨Î¥¸±µ³ ¸Í¨´É¨²²ÖÉµ·¥, ¶µ-
ÔÉµ³Ê ¡Ê¤ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö ¸µ²´¥Î´Ò¥ ´¥°É·¨´µ ¸ Ô´¥·£¨Ö³¨ ¢ÒÏ¥ 0,45 ŒÔ‚,
ÎÉµ ¨¸±²ÕÎ ¥É ¢µ§³µ¦´µ¸ÉÓ ´ ¡²Õ¤¥´¨Ö pp-´¥°É·¨´µ. �¦¨¤ ¥³Ò° ¢ ¸É ´-
¤ ·É´µ° ³µ¤¥²¨ ‘µ²´Í  ÔËË¥±É ¸µ¸É ¢²Ö¥É µ±µ²µ 50 ¸µ¡ÒÉ¨° ¢ ¸ÊÉ±¨ ¤²Ö
100-Éµ´´µ£µ ¢Ò¤¥²¥´´µ£µ µ¡Ñ¥³  ¸Í¨´É¨²²ÖÉµ· . ‘¶¥±É· ´¥°É·¨´´ÒÌ ¸¨£´ -
²µ¢ ¨ ¸µ¶ÊÉ¸É¢ÊÕÐ¨° Ëµ´ ¶·¨¢¥¤¥´Ò ´  ·¨¸Ê´±¥. ‚´ÊÉ·¥´´¨° Ëµ´ Ö¢²Ö-
¥É¸Ö ´ ¨¡µ²¥¥ ±·¨É¨Î¥¸±¨³ ¸ ÉµÎ±¨ §·¥´¨Ö ¢µ§³µ¦´µ¸É¨ ¸µ§¤ ´¨Ö ¤¥É¥±Éµ· 
¸ É·¥¡Ê¥³Ò³¨ Ì · ±É¥·¨¸É¨± ³¨. � ¤¨µ ±É¨¢´µ¸ÉÓ ¸Í¨´É¨²²ÖÉµ·  Ö¢²Ö¥É¸Ö

�ËË¥±É, µ¦¨¤ ¥³Ò° ¢ ‘Œ‘ (¡¥§ µ¸Í¨²²ÖÍ¨° ´¥°É·¨´µ), ¢ ¸· ¢´¥´¨¨ ¸ Ëµ´µ³
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�¥µ¡Ìµ¤¨³ Ö Î¨¸ÉµÉ  ¸Í¨´É¨²²ÖÉµ· 

238U, 232Th < 10−16 £/£

40K < 10−14 £/£

14C/12C < 10−18 £/£

7Be, 10Be < ´¥¸±µ²Ó±¨Ì ¸µ¡ÒÉ¨°/¸ÊÉ

¸²¥¤¸É¢¨¥³ ¥¸É¥¸É¢¥´´µ° (238U, 232Th, 40K) ¨ ±µ¸³µ£¥´´µ° (14‘, 7Be, 10Be)
· ¤¨µ ±É¨¢´µ¸É¨. �¸ÊÐ¥¸É¢²¥´¨¥ ¶·µ¥±É  Borexino É·¥¡Ê¥É ¢Ò¸µ±µ° · ¤¨µ-
´Ê±²¨¤´µ° Î¨¸ÉµÉÒ ¢ ³ ¸ÏÉ ¡ Ì ¸µÉ¥´ Éµ´´ ¸Í¨´É¨²²ÖÉµ·  ¨ ÉÒ¸ÖÎ Éµ´´
¢µ¤Ò § Ð¨ÉÒ. 
¥µ¡Ìµ¤¨³Ò¥ Ê·µ¢´¨ µÎ¨¸É±¨ ¶µ · §²¨Î´Ò³ · ¤¨µ ±É¨¢´Ò³
¨§µÉµ¶ ³ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

„²Ö ¨§ÊÎ¥´¨Ö ¢µ§³µ¦´µ¸É¨ ¤µ¸É¨¦¥´¨Ö ´¥µ¡Ìµ¤¨³ÒÌ É¥Ì´¨Î¥¸±¨Ì É·¥-
¡µ¢ ´¨° ¡Ò² ¸µµ·Ê¦¥´ ·¥ ²¨¸É¨Î´Ò° ¤¥É¥±Éµ· ¸µ ¢¸¥³¨ Ì · ±É¥·¨¸É¨± ³¨
Borexino. �·µÉµÉ¨¶ Ê¸É ´µ¢±¨ Borexino (Counting Test Facility Å CTF) ¡Ò²
¸µµ·Ê¦¥´ ¢ 
 Í¨µ´ ²Ó´µ° ² ¡µ· Éµ·¨¨ ƒ· ´-‘ ¸¸µ ¢ ˆÉ ²¨¨ (¢ ¶µ¤§¥³´µ³
Éµ´´¥²¥ ¤²¨´µ° 100 ³ ¶µ¤ £µ·´Ò³ ³ ¸¸¨¢µ³ �¶¥´´¨´Ò ¢ Í¥´É· ²Ó´µ° ˆÉ -
²¨¨) ¨ § Ð¨Ð¥´ µÉ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. �¸´µ¢´µ° Í¥²ÓÕ ¸µ§¤ ´¨Ö CTF Ö¢²Ö-
²µ¸Ó ¨§³¥·¥´¨¥ ¸µ¤¥·¦ ´¨Ö · ¤¨µ ±É¨¢´ÒÌ ¶·¨³¥¸¥° ¢ ¦¨¤±µ³ ¸Í¨´É¨²²Ö-
Éµ·¥, ¢ Î ¸É´µ¸É¨ 14C, 238U ¨ 232Th. �·¥¤¥² ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ê¸É ´µ¢±¨ ±
¸µ¤¥·¦ ´¨Õ 14C ´ Ìµ¤¨É¸Ö ´  Ê·µ¢´¥ 10−19.

�´ ²¨§ ¤ ´´ÒÌ CTF ¶µ± § ², ÎÉµ ´¥¶·¥·Ò¢´ Ö µÎ¨¸É±  ¸Í¨´É¨²²ÖÉµ· 
¶µ§¢µ²Ö¥É Ê³¥´ÓÏ¨ÉÓ ¢´ÊÉ·¥´´¨° Ëµ´ ¢ Ô´¥·£¥É¨Î¥¸±µ³ µ±´¥ 250 < E <
800 ±Ô‚ ¤µ ¶µ·µ£  ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨. �É´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏ¨¥ · §³¥·Ò CTF
µ£· ´¨Î¨¢ ÕÉ ¢µ§³µ¦´µ¸É¨  ±É¨¢´µ° § Ð¨ÉÒ, ¶µÔÉµ³Ê ¢ ÔÉµ³ Ô´¥·£¥É¨Î¥¸±µ³
¨´É¥·¢ ²¥ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ¤¥É¥±Éµ·  µ£· ´¨Î¥´  10−7 d±/±£. �·¥¤¥² ¤²Ö ¨§-
³¥·¥´¨Ö ¤¢ÊÌ ´ ¨¡µ²¥¥ · ¸¶·µ¸É· ´¥´´ÒÌ ¨ Ìµ·µÏµ ¨¤¥´É¨Ë¨Í¨·Ê¥³ÒÌ · -
¤¨µ´Ê±²¨¤µ¢ Å · ¤¨Ö ¨ Éµ·¨Ö Å ´ Ìµ¤¨É¸Ö ´  Ê·µ¢´¥ 10−9 d±/±£. ‚ µ¡² ¸É¨
Ô´¥·£¨° µÉ 25 ¤µ 250 ±Ô‚ ¤µ³¨´¨·ÊÕÐ¨³ ±µ³¶µ´¥´Éµ³ Ëµ´  Ö¢²Ö¥É¸Ö · ¸¶ ¤
14C ¸µ ¸±µ·µ¸ÉÓÕ∼ 0, 1 ³d±/±£, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É µÉ´µ¸¨É¥²Ó´µ³Ê ¨§µÉµ¶¨Î¥-
¸±µ³Ê ¸µ¤¥·¦ ´¨Õ 14C/12C ∼= 10−18 £/£. —Ê¢¸É¢¨É¥²Ó´µ¸ÉÓ CTF ± ¸µ¤¥·¦ ´¨Õ
¨§µÉµ¶µ¢ ¨§ Í¥¶µÎ¥± · ¤¨µ ±É¨¢´ÒÌ · ¸¶ ¤µ¢ 238U (µ¶·¥¤¥²¥´´ Ö ¶µ 226Ra)
¨ 232Th ¸µ¸É ¢¨²  10−16 £/£ ¸Í¨´É¨²²ÖÉµ·  ¸µµÉ¢¥É¸É¢¥´´µ.

‚Ò¸µ± Ö ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ, ´¥¤µ¸É¨¦¨³ Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ±² ¸¸¨Î¥-
¸±¨Ì ³¥Éµ¤µ¢ (³ ¸¸-¸¶¥±É·µ¸±µ¶¨¨ ¨²¨ ´¥°É·µ´´µ- ±É¨¢ Í¨µ´´µ£µ  ´ ²¨§ ),
¶µ²ÊÎ¥´  §  ¸Î¥É ¢Ò¸µ±µ° µÎ¨¸É±¨ ¸Í¨´É¨²²ÖÉµ·  ¨ ÉÐ É¥²Ó´µ£µ ±µ´É·µ²Ö ¸µ-
¤¥·¦ ´¨Ö · ¤¨µ¨§µÉµ¶µ¢ ¢ ¨¸¶µ²Ó§Ê¥³ÒÌ ³ É¥·¨ ² Ì. dµ²ÓÏµ° µ¡Ñ¥³ ¨¸¶µ²Ó-
§Ê¥³µ£µ ¢ ¶·µÉµÉ¨¶¥ ¸Í¨´É¨²²ÖÉµ·  (4 É) ¶µ§¢µ²¨² ¸´¨§¨ÉÓ µÉ´µÏ¥´¨¥ ¶µ¢¥·Ì-
´µ¸ÉÓ/µ¡Ñ¥³, µ£· ´¨Î¨¢ ÕÐ¥¥ ¢µ§³µ¦´µ¸É¨ ² ¡µ· Éµ·´ÒÌ ³¥Éµ¤µ¢. ‚ ¦´Ò³
¶ · ³¥É·µ³, µ¶·¥¤¥²¨¢Ï¨³ Ê¸¶¥Ì Ô±¸¶¥·¨³¥´Éµ¢, Ö¢²Ö¥É¸Ö ÉÐ É¥²Ó´µ ¶·µ¤Ê-
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³ ´´ Ö ¸¨¸É¥³  ¶ ¸¸¨¢´µ° (¤¥É¥±Éµ· · §³¥Ð¥´ £²Ê¡µ±µ ¶µ¤ §¥³²¥° ¨ µ±·Ê¦¥´
¸²µ¥³ ¢µ¤Ò ¢Ò¸µ±µ° µÎ¨¸É±¨) ¨  ±É¨¢´µ° (³Õµ´´µ¥ ¢¥Éµ) § Ð¨ÉÒ.

‘ ¶µ³µÐÓÕ ¤¥É¥±Éµ·  CTF µÉ· ¡µÉ ´Ò ³¥Éµ¤Ò ·¥±µ´¸É·Ê±Í¨¨ ¸µ¡ÒÉ¨°
¢ ¦¨¤±µ¸Í¨´É¨²²ÖÍ¨µ´´µ³ ¤¥É¥±Éµ·¥ ¡µ²ÓÏµ£µ µ¡Ñ¥³ . �µ²ÊÎ¥´Ò É ±¦¥ ¶ -
· ³¥É·Ò, µ¶¨¸Ò¢ ÕÐ¨¥ · ¸¶·µ¸É· ´¥´¨¥ ¸¢¥É  ¢ ¡µ²ÓÏµ³ µ¡Ñ¥³¥ ¸Í¨´É¨²-
²ÖÉµ· . ’ ±¨³ µ¡· §µ³, Ô±¸¶¥·¨³¥´É ²Ó´µ ¤µ± § ´  ¢µ§³µ¦´µ¸ÉÓ ¸µ§¤ ´¨Ö
´¨§±µËµ´µ¢µ£µ ¤¥É¥±Éµ·  ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·¨´µ Borexino ´  µ¸´µ¢¥
¦¨¤±µ£µ µ·£ ´¨Î¥¸±µ£µ ¸Í¨´É¨²²ÖÉµ·  ¸ ¶µ·µ£µ³ 250 ±Ô‚ ¶µ Ô²¥±É·µ´ ³ µÉ-
¤ Î¨, µ£· ´¨Î¥´´Ò³ Éµ²Ó±µ ¶·¨¸ÊÉ¸É¢¨¥³ ¨§µÉµ¶  14C ¢ ¸Í¨´É¨²²ÖÉµ·¥.

‘µÉ·Ê¤´¨± ³¨ £·Ê¶¶Ò �ˆŸˆ · §· ¡µÉ ´ ´µ¢Ò° ³¥Éµ¤ ¢µ¸¸É ´µ¢²¥´¨Ö
¸µ¡ÒÉ¨° ¢ ¶·µ¸É· ´¸É¢¥ ¤¥É¥±Éµ· , ÎÉµ ¶µ§¢µ²¨²µ ¢ 2Ä2,5 · §  Ê²ÊÎÏ¨ÉÓ ¶·µ-
¸É· ´¸É¢¥´´µ¥ ¨ Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éµ· . �Éµ ¤ ²µ ¢µ§³µ¦´µ¸ÉÓ
¸´¨§¨ÉÓ ¶µ·µ£ ·¥£¨¸É· Í¨¨ ¶·µÉµÉ¨¶  ¤¥É¥±Éµ·  ¨ · §· ¡µÉ ÉÓ ³µ¤¨Ë¨± Í¨Õ
Ê¸É ´µ¢±¨, ¶µ§¢µ²ÖÕÐÊÕ ¢ ·¥ ²Ó´µ³ ¢·¥³¥´¨ ¨¸¸²¥¤µ¢ ÉÓ ¸¶¥±É· pp-´¥°É·¨´µ
µÉ ‘µ²´Í . „ ´´Ò¥ ¸ ¶·µÉµÉ¨¶  ¤¥É¥±Éµ·  CTF ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö ¶µ²Ê-
Î¥´¨Ö ´¨¦´¥° £· ´¨ÍÒ ¸É ¡¨²Ó´µ¸É¨ Ô²¥±É·µ´ . 
µ¢Ò° Ê²ÊÎÏ¥´´Ò° ¶·¥¤¥²
´  ¢·¥³Ö ¦¨§´¨ ¸µ¸É ¢¨² ¡µ²¥¥ 4, 6 · 1026 ²¥É ¶µ ³µ¤¥ · ¸¶ ¤  e → γ + ν
(µ¶Ê¡²¨±µ¢ ´µ ¢ ®Phys. Lett. B¯. 2002. V. 525. P. 29Ä40). 
  ¶·µÉµÉ¨¶¥
CTF ¶µ²ÊÎ¥´Ò É ±¦¥ ´µ¢Ò¥ ¤ ´´Ò¥ µ ³ £´¨É´µ³ ³µ³¥´É¥ ´¥°É·¨´µ, · ¸¶ ¤¥
´¥°É·¨´µ ¨ · ¸¶ ¤¥ ´Ê±²µ´µ¢ ¢ ´¥¢¨¤¨³Ò¥ ± ´ ²Ò.


